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SjntUCTTJRE-FUNCTION  AND  IMMUNOCHEMICAL  STUDIES  ON 
COBROTOXIN  ^ 


Purification  emd  Properties  of  Non-precipitatin 


Antibodies  to  Cobrotoxin* 


The  heterogeneity  of  precipitating  and  non-precipitating 
antibodies  to  cobrotoxin  was  demonstrated  by  their  elution 
pattern  on  cobrotoxin-Sepharose  and  chromatography  on  DEAE- 
cellulose  column. 

. Gel  filtration  patterns  on  Sepharose  6b  column  revealed 
that  the  soluble  complexes  formed  from  non-precipitating 
antibody  and  HNB-cobrotoxin  at  a different  molar  ratio  are 
all  emerged  in  the  void  volume,  indicating  that  the  molecular 
weight  of  the  soluble  complex  is  around  4,000,000  or  larger. 
Unreacted  free  non-precipitating  antibody  coincided  with  the 
peak  of  IgG  and  was  proved  to  be  free  from  HNB-cobrotoxin. 

The  molar  ratio  of  antibody  to  antigen  for  the  soluble 
complex  was  found  to  be  0.79  to  0.97  indicating  that  1.58  to 
1.94  molecules  of  non-precipitating  antibody  bound  to  HNB- 
cobrotoxin  instead  of  three  molecules  in  the  case  of 
precipitating  antibody. 


* This  paper  was  presented  at  the  International  Symposium 
on  Proteins  at  Taipei,  9 March',  1978  and  will  appear  in 
International  Journal  of  Protein  and  Peptide  Research. 


INTRODUCnOM 


in  1965,  a neurotoxic  protein,  cobrotoxin,  was  isolated 


in  the  crystalline  state  from  the  venom  of  Taiwan  cobra  (Naja 


nojh  atra)  (Yang,  1965)  and  was  proved  to  be  the  main  toxic 
protein  in  cobra  venom  (Chang  and  Yang,  1969). 


In  our  recent  study,  cobrotoxin  was  successfully 


losnobllized  on  Sepharose  through  its  free  amino  groups  without 


altering  its  antigenic  activity  (Yang  et  a^. , 1977) • Rabbits 


hyperimmunized  with  cobrotoxin  in  Freund's  complete  adjuvant 


produce  non-precipitating  as  well  as  precipitating  antibodies 


By  affinity  chromatography  of  supernatants  obtained  from 


precipitin  reaction  at  the  maximum  precipitation  on  a column  of 


cobrotoxin-Sepharose , the  non-precipitating  antibodies  were 


separated  from  the  antisera.  Antibodies  separated  by  affinity 


chromatography  on  a column  of  cobrotoxin-Sepharose  are 


superior  to  the  precipitating  antibody,  isolated  by  immune 


precipitin  reaction,  with  regard  to  their  neutralizing 


The  present  paper  deals  with  some  properties  of  the  non 


precipitating  antibody  and. the  mechanism  of  non-precipitability 


of  the  non-precipitating  antibody  with  its  homologous  antigen. 


cobrotoxin 


T<#r 


MATERIALS  AND  METHODS 


Cobrotoxin  wus  prepared  from  Taiwan  cobra  (Naja  na ja  atra ) 
venom  as  previously  described  (Yang,  iboj).  CNBr-ac t ivaied 
Sepharose  AB,  ieyuarose  oD . Sephadex  G-lOO  and  G-200, 

and  CM-Sephadex  C-SIi  were  purchased  from  Pharmacia  Fine  Chemicals, 
Uppsala,  Sweden.  CM-ce 1 lulose , DEAE-cel lulose , ^-mercaptoethanol 
and  lodoacetic  acid  were  obtained  from  Sigma  Chemical  Company. 
Freund's  (complete)  adjuxaiic  Stat-Pack®  was  obtained  from 
Calbiochem,  2-hydrox>  - t-:ii  trobenzyl  bromide  ( HNB  bromide)  from 
Seikagedtu  Kogyo  Co.,  Ltd.,  and  polye  i.i>  lene  glycol  1000  from  E. 
Merck,  Darmstadt.  Me rcui'ipapain  and  pepsin  were  products 
of  Worthington  Biochemical  Corp.  . Freeliold,  N'.J.  All  other 
reagents  were  of  analytical  grade. 

A covalent  coupling  of  cobrotoxin  to  CNBr-ac tivated 
Sepharose  Ab  was  carried  out  essentially  according  to  the  method 
described  by  Cuairecasits  and  Anf  insen  ( Cuatrecasas , 1970; 
Cuatrecasas  and  Anfinsen.  1^71)  as  previously  described  (Yang 
et  al. , 1977) . 

Alk>'lation  of  cobrotoxin  with  HXB  bromide  was  carried  out 
under  standard  conditions  of  Barman  and  Koshland  (I9b7)  as 
desc:  bed  by  Chang  and  Hayashi  (I9t)9). 


■4 


Pr»pTatlon  of  antiora 


Anticobrotoxin  serum  was  prepared  by  injecting  increas ' 
amounts  of  cobrotoxin  with  Freund's  complete  adjuvant  into 
rabbits  weighing  2,0  - 2.3  kg.  From  6 ^tg  to  1,6  mg  per  kg 
body  weight  were  injected  subcutaneously  into  the  right  and  left 
thigh  alternating  at  weekly  intervals  during  a period  of  3 months 
and  the  animals  were  bled  9 days  after  the  final  injection. 

Imnunoglobulin  G (IgG)  was  prepared  from  the  pooled  immune 
sera  by  precipitation  with  ammonium  sulfate  in  a decreasing  order 
of  saturation,  40  and  33  5^,  followed  by  gel  filtration  on  a 
column  of  Sephadex  G-200. 

Antisera  to  Fab  fragments  were  prepared  as  follows: 

Immunization  of  goats  with  Fab  fragments  of  rabbit  precipitating 

» 

and  non-precipitating  antibodies  were  performed  by  a series  of 
intramuscular  injections  with  decreasing  doses  of  Fab  fragments 
into  male  goats  weighing  about  10  kg.  The  initial  dose, 

20  mg  of  Fab  fragment  dissolved  in  1 ml  of  0.15  M NaCl  and 
emulsified  with  an  equal  volume  of  Freund's  complete  adjuvant, 
was  injected  into  each  thighs.  Then  10  mg  and  2.3  mg  each 
of  the  Fab  fragment  dissolved  in  1 ml  of  0.13  M NaCl  «nd 
emulsified  with  an  equal  volume  of  Freund's  adjuvant  (complete 
: incomplete  s 1 : 8,  by  volume)  was  injected  at  the  second 
and  third  week,  respectively.  Two  weeks  later,  an  additional 


iHiunisation  with  the  sane  dose  used  for  the  third  week 


wee  injected  and  the  goats  were  bled  9 days  after  the  final 
injection. 

Separation  of  precipitating  and  non-precipitating 

antibodies 

SoMll  amounts  of  cobrotoxin  (approximately  1,  10  of  the 

quantity  required  for  maximal  precipitation)  were  successively 

added  to  IgG.  After  each  addition  the  mixture  was  incubated 

for  40  min  at  37°C  and  at  4°C  for  4 hr  before  centrifugation. 

The  precipites  were  collected,  pooled  and  used  to  prepare  the 

precipitating  antibody  as  previously  described  (Chang  and  Tang, 

. • 

19b9).  The  combined  precipitates  were  washed  three  times  with 
cold  0.13  M NaCl,  then  dissolved  in  a minimal  amount  of  0.33  M 
formic  acid-0.13  M NaCl,  pH  2.03.  Complete  separation  of  the 
antibody  from  antigen  was  achieved  by  gel  filtration  on  a 
coluam  of  Sephadex  G-lOO  using  the  same  acid. 

The  supernatant,  obtained  after  the  addition  of  cobrotoxin 
produced  no  more  precipitation,  was  used  to  purify  the  non- 
precipitating antibody.  It  was  passed  through  a column  of 
cobrotoxin-Sepharose  three  times.  The  bound  antibodies  were 
eluted  with  0.33  M formic  acid-0.13  N NeCl  (pH  2.03)  after  the 
colusm  had  been  washed  with  80  ml  of  0.1  N NaHCO^  buffer  (pH  8.3) 
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coatalninc  0.5  N NaCl  and  70  ml  of  0.1  N acatat*  buffor-0.5  N 
Naci  (pH  4.0).  Tha  »f fluents  wara  immedimtely  nautralisad  with 
1.0  N clyclna-NaOH  buffer  ^pH  11.5)  •nd  the  fractions  containing 
antibody  vara  pooled  and  dialyzed  against  0.01  N Tris-HCl  buffer 
(pH  7.5)  containing  O.15  M NaCl. 

Digestion  and  fragmentation  of  antibody,  precipitin  reaction 
measurement  of  inhibitory  activity  of  non-precipitating  antibody 
and  its  papain  fragment  to  homologous  precipitin  reactions,  and 
preparation  of  peptide  a>aps  of  the  peptic  hydrolysates  of  Fab 
fragswnts  were  performed  as  previously  described  (Chang  and 
Yang,  1969;  Yang  ejt  al . , 1974,  1977). 


Prpdttctiol  of  utibodl—  durlHia  ij|»uals>tiqi 
Th*  produetloa  of  oatibodloo*  prooipltotiac  atm- 
proelpitatiact  ia  rabbits  followlac  a oarial  lajaotloa  of 
eobrotoxla  with  Frouad'o  eoaploto  adjuwaat  was  ourvoyod  at 
various  iatorvals  durlac  laauaiiaCloa.  Tho  eoatoat  of 
proolpltatlac  aatlbody  was  dotorsdaod  by  quaatltatlvo  proclpltili 
roaetioas  aad  that  of  aoa^proelpltatlac  aatlbody  by  affialty 
ohroaa tofraphy  oa  eobrotoala-Sopharoso  coluan.  As  shova  la 
Fid.  1»  tho  aoa^proelpltatlad  aatlbody  was  produeod  la  paraiial 
with  that  of,  proolpltatiad  aatlbody  aad  tho  aaouat  of  aoa* 
proolpltatlad  aatlbody  was  hlghar  thaa  that  of  proclpitatlac 
aatlbody  at  tho  aaao  porlod  of  laaualaatloa.  Aftor  ooaplotiaa 
of.  3 Boatha  hyporlaanuiUatloat  tho  total  aatlbody  eoatoat  la 
aatleobrotoxla  aora  was  4.33  <■€  P^r  ■!  with  tho  aoa-proolpltatiag 
aatlbody  aaouatlac  to  2.63  ac  par  al  or  37*8  % of  tho  total 
aatlbody. 

laalatiaa  of  aoa^praclaltatiaa  aatlbody  by  affialty 
ohroaatoaraahy 

For  tho .laolatlaa  of  tho  aoa-proclpltatlad  aatlbody,  tho 
proolpitatlaf  aatlbody  ia  aatlaora  or  Xd8  vao  first  roaovad  by 


precipitation  upon  a sax'ial  addition  of  cobrotoxxn  (approxiaataly 
1/10  of  the  quantity  required  for  maxxaMl  precipitation)  until 
no  aore  precipitate  formed.  After  each  addi tion  the  aixture 
was  incubated  for  40  min  at  37°C  and  at  4°C  for  4 hr  before 
centrifugation.  The  precipitates  were  collected,  pooled  and 
used  to  prepare  the  precipitating  antibody  as  previously 
described  (Chang  and  Yang,  1969) • The  supernatant  was  used  to 
purify  the  non-precipitating  antibody.  It  was  passed  through 
a colum  of  cobrotoxin-Sepharose  three  times.  The  bound  anti- 
bodies were  eluted  with  0.53  M formic  acid-0.15  M NaCl  (pH  2.05) 
after  the  column  had  been  washed  with  0.1  M NaHCO^  buffer  (pH 
8.3)  containing  0.5  M NaCl  and  0.1  M acetate  buffer-0.5  N NaCl 
(pH  4.0).  The  effluents  were  immediately  neutralized  with 
1.0  M glycine-NaOH  buffer  (pH  11.5)  and  the  fractions  containing 
antibody  were  pooled  and  dialyzed  against  0.01  M Tris-HCl 
buffer  (pH  7.5)  containing  0.15  M Nad. 

As  illustrated  in  Fig.  2,  although  the  major  fraction  of 
non-precipitating  eintibody  was  eluted  at  pH  3.0,  0.1  N glycins- 
HCl  buffer-0.5  N NaCl,  at  least  three  more  populations  of  anti- 
bodies could  be  separated  by  acetate  buffer-0.5  N NaCl  at  pH 
5.5t  ^.0  and  3.5.  The  major  fraction  of  precipitating  antibody, 
however,  was  eluted  at  pH  2.5  with  several  SKire  populations  at 


diff«r*iit  pH  valu««.  Th«  results  that  savaral  popula 


tlona  of  antibody,  dlfforing  in  thoir  affinity  to  cobrotoxln 


ara  present  in  both  antibody  preparations  and  also  indicate  that 


there  are  some  differences  in  binding  affinity  to  cobrotoxln 


Sepharose  between  precipitating  and  non-precipitating  cuitibodies 


The  heterogeneity  of  precipitating  and  non-precipitating 


antibodies  was  also  demonstrated  by  chromatography  on  D£A£ 


cellulose.  As  shown  in  Pig.  3>  although  the  major  fractions 


obtained  from  cobrotoxln-Sepharose  column  at  pH  2.3  and  pH  3.0 


for  precipitating  and  non-precipitating  antibodies,  respectively 


were  applied,  the  elution  profile  revealed  more  than  two  peedcs 


Peptide  maps  of  the  peptic  hydrolysates  of  Fab  fragments 


The  single  fractions,  eluted  f rom. DEAE-cellulose  column  at 


the  4th  step  by  0.033  M phosphate  buffer-0.3  M NaCl  (pH  7.8) 
for  precipitating  and  non-precipitating  antibodies  (Pig.  3), 


were  subjected  to  papain  fragmentation.  The  fractions  were 


digested  with  mercuripapain  and  chromatographed  on  a column 


of  CM-cellulose 


The  Pab  fragments  obtained  were  digested 


with  pepsin  after  reduction  and  carboxymethylation 


hydrolysates  were  separated  by  a combination  of  high-voltage 


paper  electrophoresis  and  descending  paper  chroowtography 


As  shown  in  Pig.  4,  striking  differences  in  peptide  SMps  were 


observed  between  the  two  preparations,  indicate  that  the 


lino  acid  saquances  of  tha  Fab  fragmenca  of  praclpitating  and 


non-praclpl tatlng  antibodiea  ara  differanC  each  other. 


Antibody  activity  of  non-precipitating  antibod 
Antibody  activity  of  the  non-precipitating  antibody  and  its 
papain  fragnent  was  determined  by  their  inhibitory  activity  on 
the  homologous  precipitin  reactions  of  cobrotoxin  with  purified 
precipitating  antibody.  Approximately  1.0  mole  of  papain 
fragment,  or  0.91  mole  of  the  non-precipitating  antibody  par  stole 
of  cobrotoxin  gave  30  ^ inhibition,  while  for  papain  fragment 
of  tha  purified  precipitating  antibody  about  1.2  moles  were 
required  for  the  same  degree  of  inhibition  (Chang  and  Yang,  1969)* 
These  results  show  that  the  activity  of  the  non-precipitating 
antibody  and  its  pupuin  fragment  seems  to  be  more  active  than 
that  of  the  precipitating  antibody  and  its  papain  fragment. 


Effect  of  polyethylene  glycol  on  precipitation  of 


antigen-antibody  complex 


The  effect  of  polyethylene  glycol  on  the  precipitation  of 
antigen-antibody  complex  formed  from  guinea-pig  non-precipitating 
antibody  and  its  hosiologous  antigen,  ol-amylasei  has  been  demonstrated 
by  ioimunodiffuslon  in  agar  gel  as  a precipitin  line  (Mori  e^  a^. , 


1976).  In  this  study,  we  demonstrated  the  effect  of 
polyethylene  glycol  on  quantitative  precipitin  reaction  of  rabbit 


non«pr»cipi tatin^  antibody  with  ita  homologous  antigen,  cobrotoxin. 

A*  ahQWn  in  Pig.  3,  about  20  ^ of  the  soluble  complex  formed 
from  non-precipitating  antibody  and  cobrotoxin  was  precipitated 
in  the  presence  of  4 ^ and  8 ^ of  polyethylene  glycol. 

Antigenicity  of  precipitating  and  non-precipitating 

antibodies 

In  order  to  investigate  the  immunological  cross-reaction 
betweer}  precipitating  and  non-precipitating  antibodies,  Fab 
fragments  of  both  antibodies  were  immunized  into  goats,  respectively. 
As  shown  in  Pig.  6,  both  Fab  fragments  were  capable  of  producing 
homologous  as  well  as  cross-reactive  antibodies  with  almost  the 
same  extent  in  goats,  suggesting  that  the  antigenicity  of  the 
both  antibodies  are  practically  the  same. 

Gel  filtration  of  soluble  complex  formed  from  non- 
precipitating antibody  and  HNB-cobrotoxin 

As  seen  from  the  gel  filtration  patterns  of  soluble  complex 
on  a column  of  Sepharose  6B  (Fig.  7),  the  soluble  complexes 
formed  from  non-precipitating^  antibody  and  HNB-cobrotoxin  at  x 
different  molar  ratio  are  all  emerged  in  the  void  volume, 
indicating  that  the  molecular  weight  of  the  soluble  complex  is 
around  4,000,000  or  larger. 

Unreacted  free  non-precipitating  antibody  coincided  with 
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th«  peak  of  serua  IgG  knd  was  proved  to  be  free  f roai  HNB- 
cobrotoxin.  As  illustrated  in  Fig.  7C,  excess  HMB-cobrotoxin 
•■erged  with  a larger  effluent  volume  from  425  al  to  465 

Hie  "valence”  or  nusiber  of  antibody-combining  sites  per 
antigen  molecule  was  obtained  by  doubling  the  molar  ratio  of 
antibody  to  antigen  present  in  the  precipitates  formed  at 

equivalence.  The  molar  ratio  of  precipitating  antibody  to  ^ 

cobrotoxin  was  found  to  be  1.5  to  1.6  at  equivalence  (Chang  i 

and  Ycmg,  1969).  Therefore,  the  valence  of  cobrotoxin  was 

3.0  to  3*2  indicating  that  cobrotoxin  (as  well  as  HHB-cobro toxin,  ^ 

Chang  and  Yang,  1973)  consists  of  three  antibody-c oirta in ing  sites 
per  molecule.  • 

I 

The  molar  ratio  of  antibody  to  antigen  for  the  soluble  ! 

complex  was  found  to  be  0.79  to  0.97  (Table  l)  indicating  that 
1.58  to  1.94  molecules  of  non-precipitating  antibody  bound  to 
HNB-cobro toxin  instead  of  three  molecules  in  the  case  of 

f 

precipitating  antibody.  | 

i 

Christian  (1970)  presented  evidence  suggesting  that  the 

I 

failure  of  non-precipitating^  antibodies  to  precipitate  appeared 
to  result  from  the  limited  recognition  of  multiple  antigenic 
determinants  on  complex  antigens.  If  the  antibodies  are 

- 

capable  of  binding  with  only  a small  number  of  antigenic 
determinants,  lattice  formation  of  the  antigen-antibody  complexes 
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will  b«  and,  dapandin^  on  dacraa  of  its  Incoaplation 


tha  coaplaxaa  will  ramln  aolubla  in  tha  praclpitln  raaction 

1 ^ 

(Kabat  and  Mayar,  1961). 


Nakamira  at  al.  (1972)  and  Tanoto  a^  al.  (1972)  fron  thair 


atudlas  on  guinaa  pig  non-pracipltatlng  7S  r -antibody  to 


ovalbunln  suggastad  that  tha  non-pracl pita ting  antibodiaa 


balongad  to  am  cmtibody  population  which  raactad  with  aoi 


particular  amtlganic  datarminant  on  ovalbumin  molacula  amd  wara 


producad  in  axcass,  as  comparad  with  othar  populations  of 


antlbodias 


Vhan  tha  amount  of  these  antibodies  is  too  large 


as  comparad  with  othar  amtlbodies,  only  a portion  of  them  will 


ba  able  to  cooperate  with  other  antibodies  to  make  the 


latticework  of  antigan-amtibody  complexes,  and  tha  remainder  will 


be  left  as  free  antibodies  in  supernatants.  On  tha  othar  Hmtih 


whan  the  amount  of  ovalbumin  added  is  increased  to  combine 


with  all  these  amtlbodies,  the  formation  of  latticework  will 


bacoBM  incomplete,  owing  to  relatively  small  amount  of  othar 


amtlbodies,  amd  antigan-amtibody  complexes  will  not  precipitate 


This  axplamatlon  appears  to  be  compatible  with  tha  results 


nnd  ad.so  with  tha  results  of  present  study  on  tha  molar  ratio 


of  non-praeipitating  antibody  to  HNB-cobro toxin  for  tha  soluble 


fli*  •Pacific  Mutrallzlnc  capacity  of  tha  non-praclpitatiac 
antibody  auid  Ita  papain  fragment  increased  23-fold  and  27.6-fold 
over  that  of  the  antisera,  respectively  (Yang  e^  al > • 1977). 

This  owy  allow  a substantial  improvement  in  the  therapy  of 
victims  of  snake  bites.  Non-precipitating  antibody  and  its 
papain  fragment  do  not  form  insoluble  aggregates  with  homologous 
antigen  but  form  soluble  antigen-antibody  complexes.  This  may 
also  provide  valuable  tools  for  an  immunochemical  approach  to 
the  elucidation  of  the  nature  of  antigenic  determinants  on 
cobrotoxin  molecule. 
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F±g.  1.  Production  of  procipitatinc  and  non-pracipltatiim 
antlbodlos  durinc  tbo  couraa  of  i—unA nation. 

Tha  content  of  procipitatinc  antibody  ( > > ) waa  datarainod 

by  quantitative  precipitin  reaction  and  that  of  non- precipita tine 
antibody  (e-*-e)  by  affinity  chrooMtosraphy  on  cobrotoxin- 
Sepharoae  coluan  and  vaa  calculated  froa  the  difference  of  aaouat 

a 

of  eluted  antibody  froa  that  of  precipitatinc  antibody  in  the 

aaae  aera. 

Pic.  2.  Stepwiae  elution  of  antibodiea  froa  a coluan  of 
eobrotoxin-Sepharoae . 

Antibody  preparationa  were  applied  by  paaeace  throuch  a 
coluan  (1.4  z 6.8  ca)  of  eobrotoxin-Sepharoae  (cobrotoxin  2 ac 
per  al  of  Sepharoae,  coupled  at  pH  9*0)  three  tiaea,  and  waahad 
with  90  al  of  0.1  N NaBCO^-0.9  M MaCl,  pH  8.3.  The  buffer 
aolutiona  uaed  for  atepwiae  elution  were:  0.01  N acetate 
buffer-0.3  N MaCl  (pfl  3 >3)1  0.1  N acetate  buffer-0.3  N Nad 
(pH  4.0  and  pH  3>3)»  0.1  N dycine-HCl  buffer-0.3  M Rad  (pH 
3.0  and  pH  2.3) • aad  0.33  N foraic  aeid-0.13  N Nad  (pH  2.03). 

Precipitatinc  antibody  ( »"  > ) 20  ac 

Non-preclpitatinc  antibody  (a— e)  20.3 


Pl«.  3.  I ono«xchan4r«  chromatography  on  mAB-calluloao. 

Tha  column  (2  x 27  cm)  was  equilibrated  with  0.0165  N 
phosphate  buffer,  pH  7*8 t end  eluted  by  four-step  elutions  as 
indicated.  Precipitating  antibody  ( ^ obtained  from 
cobrotoxln-Sepharose  column  at  pH  2.5  and  non-precipitating 
antibody  (e---*)  eluted  at  pH  3.0  from  the  same  colusn  were 
applied. 

% 

Pig.  4.  Comparison  of  peptide  maps  of  the  peptic 
hydrolysates  of  RCN-Pab  fragments  of  precipitating  and  non- 
precipitating  antibodies. 

About  5 mg  each  of  the  hydrolysate  was  applied  on  a sheet 
of  Vhatman  No.  3 MM  paper  (45  x 74  cm). 

Pig.  5>  Effect  of  polyethylene  glycol  on  quantitative 
precipitin  reactions  of  cobrotoxin  with  non-precipitating 
antibody. 

0.52  mg  of  precipitating  antibody  ( * ) and  0.48  mg  of 

non-precipitating  antibody  (e—« ) in  the  absence  or  in  the 
presence  of  4 ^ (a— a)  and  8 % ( ^ m ) of  polyethylene  glycol 
were  used  in  each  determination.  Polyethylene  glycol  was 
dissolved  in  0.15  M Naci  and  the  concentration  indicated  was 
the  final  concentration  in  the  reaction  mixture. 


Flc.  6.  Quantitatlv*  precipitin  reaction*  of  Fab  of 
rabbit  precipitating  and  non-precipitating  antibodiaa  with 
their  goat  antibodies. 

0.1  ml  of  the  goat  antisera  obtained  by  inHuaisation  with 
Fab  of  precipitating  ( >■  ' * ) or  non-precipitating  antibody 
( •-— • ) were  used  in  each  determination. 

Fig.  7>  Gel  filtration  of  soluble  complex  foraad  from 

% 

non-precipitating  antibody  and  HNB-cobro toxin  on  a column  of 
Sepharoae  6b. 

The  coluam  was  equilibrated  with  0.02  M Tris-HCl  buffer- 
0.5  M NaCl  (pH  7<3)  to  a constant  height  (2.2  x 123  cm)  and 
elution  was  performed  with  the  same  buffer  at  a flow  rate  of 
20  ml  per  hr.  Soluble  complex  ( ) formed  from  non- 

precipitating  antibody  and  HNB-ccbro toxin  at  a molar  ratio  of 
1.0  (a),  2.0  (B)  and  0.5  (C).  The  protein  concentration  was 
maasured  spectrophptometrically  at  280  nm  and  the  extinction 
coefficient,  was  taken  as  l4  for  IgG  ( — --  ) and  non- 

precipitating antibody  (ar-r-a),  and  6.7  for  HNB-cobrotoxin 
( ^ > ) at  4l0  nm. 
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